The study was conducted on 33 children aged 3-6 years who suffered from protein energy malnutrition (PEM) during infancy in comparison to 30 matching children to assess the long-term deficits in cognition and language skills. The patients' files were revised to record their admission and follow-up data and history, clinical examination, intelligence quotient and language assessment were done. The study revealed that 2-5 years from the acute attack the PEM patients were still shorter than the controls and their cognitive abilities were poorer. Their mental ages and language skills were mostly determined by their height and the duration of follow-up during their acute illness. Additionally their diet after the 3-5 years is still defective and does not meet their recommended daily allowance. These observations urge us to continue following these patients for longer durations to make sure no permanent damage occurs due to the PEM insult to the growing brain.
Introduction
Protein energy malnutrition (PEM) is a clinical problem caused by inadequate intake of one or more nutritional elements, and remains as one of the most important health problems in developing countries [1] .
PEM produces notable morphological changes in the brains of children in the developing world. These changes damage the intellectual potential of those who survive and limit their capacity to become part of the competitive world [2] . Malnutrition is associated with both structural and functional pathology of the brain and a wide range of cognitive deficits has been reported in malnourished children [3] .
Long duration of PEM, young age of the child, poor maternal health and illiteracy increase the adverse effects of PEM on the nervous system [4] . There is substantial evidence that PEM is associated with long-term deficits in cognition and school achievement [5] .
This study was thus designed to assess the nutritional status, the intelligence quotient (IQ) and language skills among children who suffered from PEM attacks during infancy.
Patients and Methods
This case control cross-sectional study was conducted on 33 children who suffered from PEM during infancy. They were recruited from the files of the Nutrition Rehabilitation Clinic, Children's Hospital, Faculty of Medicine, Ain Shams University. They were 22 males and 11 females whose ages ranged between 3 and 6 years. They suffered from PEM 'according to Wellcome's classification' [6] during the first 2 years of life. They were free from any systemic illnesses or congenital anomalies and their condition resulted from dietetic errors. The patients were not subjected to pre-, peri-, post-natal hypoxia or any other condition that might affect their cognition.
The patients were compared to 30 age-and sex-matched clinically healthy children. They were 18 males and 12 females whose anthropometric measurements were normal for age and sex according to WHO [7] .
After obtaining the approval of the Pediatric board in Ain Shams University Children's Hospital, the parents or caregivers of the cases signed a written consent before entering the study then revision of the patients' files was done to record the total duration of their follow-up in the nutrition rehabilitation clinic, their dietetic history data and anthropometric measurements.
The enrolled cases were evaluated by clinical history taking laying stress on their socioeconomic status and 24-h recall of feeding with calculation of the percentage of their caloric intake from the recommended daily allowance (RDA). They were then examined clinically with special emphasis on their anthropometric measurements including weight, height, triceps skinfold thickness, skull and left mid-arm circumferences. Percentages from the median for age and Z-score for age were calculated for the weight, the height and the weight for height for the growth charts supplied by WHO [7] . Laboratory investigations were done including complete blood count.
Cognitive assessment was done and included measurement of mental age and IQ using the Arabic translation of the Stanford-Binet intelligence scale [8] . Mental age was assessed by this test, which is used to measure the children's cognitive abilities and is suitable for children between 2 and 16 years. The IQ was calculated by dividing the mental age by the chronological age and multiplying it by 100 [9] . The Stanford-Binet intelligence scale is comprised of four cognitive area scores, which together determine the composite score and factor scores. These area scores are the verbal reasoning, abstract/visual reasoning, quantitative reasoning and short-term memory. The test is formed of 15 subtests, which are grouped into the four area scores. Not all subsets are administrated to each group; but six subtests are administrated to all age levels. These subtests are vocabulary, comprehension, pattern analysis, quantitative, bead memory and memory for sentences. The number of tests administered and general test difficulty are adjusted based on the test taker's age and performance on the sub-test that measures word knowledge. The subtest measuring word knowledge is given to all test takers and is the first subtest administered [10] .
Measurement of receptive, expressive and total language age was performed using the Arabic Language Test (ALT) [11] . The ALT was designed and standardized in 1994 to evaluate language of Arabic speaking children in the age from 2 to 8 years. It is characterized by being holistic, measuring all the domains of language. It has been widely used in Egypt ever since. The profile of language development among Egyptian children was used as a criterion against which arrangement of the test items was done according to the ages of the children from 2 to 8 years considering the items that were 100% correct for each age range. As a result there are separate sheets, each containing a specific number of items for a specific age range [12] .
Statistical analysis was performed using standard computer program SPSS for Windows, release 13.0 (SPSS Inc, USA) for data entry and analysis. All numeric variables were expressed as mean AE standard deviation (SD). Nonparametric tests were detected by Kolmogrov-Smirnov test. Comparison of different variables in various groups was done using Student t test and Mann-Whitney test for normal and nonparametric variables, respectively. Paired t or Wilcoxon signed ranks tests were used to compare multiple readings of the same variables. Chi-square (2) test was used to compare frequency of qualitative variables among the different groups. For all tests a probability (p) < 0.05 was considered significant. Graphic presentation of the results was also done.
Results
The results of the current study reveal that mean duration of follow-up of the PEM patients in the nutritional rehabilitation clinic was 7.00 AE 2.59 months. Regarding the dietetic history taking of the cases who suffered PEM attacks during infancy when they were recruited for the present study, it revealed that the percentage of their caloric intake from the RDA was 88.50 AE 5.21.
As shown in Table 1 , the height, the height percentage for age, the height z-score and the left mid-upper arm circumference levels are significantly lower in the cases who suffered PEM attacks during infancy when they were recruited for the present study compared to the controls, while the triceps skinfold thickness level is significantly lower in controls. The other anthropometric measurements are not statistically different. Figure 1 shows that the hemoglobin is significantly lower in the cases who suffered PEM attacks during infancy when they were recruited for the present study compared to the controls. Additionally, the hematocrit, mean corpuscular hemoglobin and mean corpuscular volume are significantly lower in the cases who suffered PEM attacks during infancy when they were recruited for the present study compared to the controls [z (p) values are À2.581 (0.010), À4.212 (0.000) and À3.324 (0.001), respectively]. Table 2 demonstrates that the IQ, mental age, receptive, expressive and total language results are significantly lower in the cases who suffered PEM attacks during infancy when they were recruited for the present study compared to the controls.
The regression analysis studies show that the height, the height percentage from median height for age, the height z-score for age and the mean duration of follow-up are the most determinant factors for the mental age (the dependent variable) among the studied cases and their p-values are 0.000, 0.028, 0.003 and 0.015, respectively. In addition, the height, the height z-score for age and the mean duration of follow-up are the most determinant factors for the total language age (the dependent variable) among the studied cases and their p-values are 0.009, 0.043 and 0.012, respectively.
Discussion
The results of the current study revealed that there was no statistical difference between the cases who suffered PEM attacks during infancy when they were recruited for the present study compared to the controls regarding the weight and the weight z-score. Contrary to our findings, Idohou-Dossou et al. [13] , found that the weight for age z-score of the controls was significantly higher than that of the post-PEM patients.
The height and the z-score of height were significantly lower in the PEM patients after follow-up compared to the controls. Similar results were obtained by Idohou-Dossou et al. [13] , who reported that a poor social environment appears to be a major determinant of stunting and complete recovery of children who are hospitalized for severe PEM does not occur if they continue to live in the environment in which they became stunted.
Waterlow and Golden [14] , reported that severe PEM in early childhood leads to linear growth retardation (stunting). It has been suggested that the poor linear growth is a result of inadequate intake of protein, vitamins and minerals [15, 16] . However, many dietary intervention studies conducted in developing countries resulted only in weight gain but had little or no effect on height [17] .
The mid-upper arm circumference was significantly lower in the PEM patients after follow-up compared to the controls. This comes in agreement with Idohou Dossou et al. [13] , who reported that the post-PEM children had significantly lower mid-upper arm circumference than the age-matched controls. Worth noting is that although the skinfold thickness was statistically lower in the controls compared to the PEM patients after follow-up, they remain in the normal reference range for age and sex according to WHO [7] .
From the above findings, although the weight and the fat stores of the PEM patients were significantly increased, the height and the mid-upper arm circumference were significantly lower than their values in the controls. This may be due to a poor protein intake that affected the muscle bulk and the linear growth of the PEM patients during the acute attack which was not followed up for a proper duration. Additionally, the current study revealed that their mean caloric intake after 2-5 years of the first attack was still 88.50 AE 5.21% from their RDA. This finding comes in agreement with Graham et al. [18] , who reported that stunting, usually reported after severe infant malnutrition, seems more the result of continued poor environment and diet than of a limited episode of marasmus or kwashiorkor.
With regard to the hematological parameters, the hemoglobin was significantly lower in the PEM patients after follow-up compared to the controls, however, the values were not below the cut off level of hemoglobin for anemia according to de Benoist et al. [19] . The hematocrit, the mean corpuscular hemoglobin and the mean corpuscular volume values were significantly lower in the PEM patients after follow-up compared to the controls. However, all the values were within the normal reference range for age and sex according to Pesce [20] .
Concerning the cognitive tests, the values of the Stanford-Binet intelligence scale were significantly lower in the PEM patients after follow-up compared to the controls. Additionally, when we applied the regression analysis studies, the height, the height percentage from the median height for age, the height z-score for age and the mean duration of follow-up were the most determinant factors for mental age among our studied cases. Regarding the total language age, the most determinant factors were the height, the height z-score for age and the mean duration of follow-up. Moreover, the values of the ALT were significantly lower in the PEM patients after follow-up compared to the controls.
The mechanisms by which malnutrition could affect cognition are many. Beside the direct insult on the brain, which may be irreversible if occurred during the period of rapid brain growth, the malnourished children functionally isolate themselves from the environment, explore less, and have reduced activity levels so they acquire fewer skills. Another hypothesis is that malnourished children are treated as younger children because of their size and elicit less stimulation from their caretakers due to their apathetic behavior [21] . In addition, the poor social and environmental factors that continue after the acute attack is over play a pivotal role in the school delay and cognition defects later on. In the year 2000, Pollitt [22] reported that the social environment moderates the effects of an early nutritional insult; it can keep such effect unchanged, or increase or decrease its severity.
In a review of studies of the effect of severe malnutrition on mental development Grantham McGregor [23] , reported that many studies of school-age children who suffered from severe malnutrition in early childhood have been conducted. They were compared with carefully matched controls and or siblings [24] [25] [26] [27] [28] [29] [30] [31] and differences favoring the controls were found in tests of IQ, cognitive function or school achievement. In 2005, Grantham-McGregor and Baker-Henningham [32] demonstrated that most follow-up studies of school-aged children who suffered from early childhood severe clinical malnutrition used global measures. The latter authors confirmed that the children usually had lower IQs and poorer school achievement than matched peers. Worth noting here is that earlier in 1994 Grantham-McGregor et al. [33] reported that psychosocial intervention should be an integral part of treatment of the severely malnourished to achieve better school achievement and IQ.
In conclusion, 2-5 years from the acute attack the PEM patients were still shorter than the controls and their cognitive abilities were poorer. Their mental ages and language skills were mostly determined by their height and the duration of follow-up during their acute illness. Additionally their diet after the 3-5 years is still defective and does not meet their RDA. These observations urge us to continue following up these patients for longer durations to make sure no permanent damage occurs due to the PEM insult to the growing brain. 
